This same feature appears in the HST/ SBC image in Fig. 2B , obtained when East Girru was shifted just behind the limb. The auroral feature near East Girru in both LORRI and HST/SBC images is~15°northward of Jupiter's field line tangent point at the limb, which suggests that ionospheric currents are diverted northward from this nominal position toward a region of higher gas density near the plume. Similar deviations of the anti-jovian FUV emissions from nominal tangent points observed with STIS are likely caused by the prevalence and distribution of plumes there (21). Volcanic plume aurorae were not identified in previous lower-quality STIS FUV images, which caused an apparent discrepancy with visible images of plume aurorae. The East Girru plume FUV auroral feature in Fig. 2 resolves this discrepancy and reveals the influence of plumes on Io's electrodynamic interaction. The upstream-side emission feature is more apparent when limb brightened at viewing geometries like those reported in Fig. 2 . This feature was predicted by aurora image simulations (22) and is diagnostic of the divergence of the plasma flow upstream of Io, a primary trait of Io's interaction with the plasma torus.
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Io Volcanism Seen by New Horizons: A Major Eruption of the Tvashtar Volcano
Jupiter's moon Io is known to host active volcanoes. In February and March 2007, the New Horizons spacecraft obtained a global snapshot of Io's volcanism. A 350-kilometer-high volcanic plume was seen to emanate from the Tvashtar volcano (62°N, 122°W), and its motion was observed. The plume's morphology and dynamics support nonballistic models of large Io plumes and also suggest that most visible plume particles condensed within the plume rather than being ejected from the source. In images taken in Jupiter eclipse, nonthermal visible-wavelength emission was seen from individual volcanoes near Io's sub-Jupiter and anti-Jupiter points. Near-infrared emission from the brightest volcanoes indicates minimum magma temperatures in the 1150-to 1335-kelvin range, consistent with basaltic composition. Eleven volcanic plumes were identified in the NH images (Fig. 1A and table S1 ). In addition to the single very large "Pele-type" plume at Tvashtar, which is described separately, NH observed 10 SO 2 -rich "Prometheus-type" plumes (3) (4) (5) . These smaller plumes averaged 80 km high and varied greatly in brightness. Plumes seen for the first time by NH include those at Zal and Kurdalagon and a large new plume, 150 km high, at north Lerna Regio, which has produced a large albedo change. Three of these plumes, north Lerna and north and south Masubi, are associated with recent large lava flows, supporting the idea that Prometheus-type plumes result from mobilization of surface volatiles by active lava flows. All active plumes that were on (Fig. 1A) . The number of surface changes detected is only one-fourth of those detected during the 5-year Galileo mission (8), perhaps because of NH's lower spatial resolution, the lack of a color data set with comparable resolution, and the possibility of surface changes that have faded since their formation.
The large plume at Tvashtar has renewed the large ring-shaped plume deposit seen at Tvashtar in 2000 (1), which had been obscured by other plume deposits by mid-2001. A two-lobed plume deposit surrounds a new, 240-km-long dark feature, probably a lava flow, at Masubi (Fig. 1 , B to D) created by the two plumes observed by NH: "North Masubi" near the vent and "South Masubi" at the distal flow front. This flow is the longest new lava flow to be erupted on Io since the 1979 Voyager images. The North Lerna volcanic plume has produced a 700-kmwide concentric deposit ( Fig. 1 , E and F) surrounding a fresh, 130-km-long apparent dark lava flow. Other late-Galileo-era plume deposits, notably around Dazhbog and Thor (8) , have faded to invisibility.
LEISA observed 1.25-to 2.5-mm volcanic thermal emission from Io's night side or in Jupiter eclipse at almost all longitudes at a spatial resolution of 140 to 170 km per pixel, producing a uniform global snapshot of Io's high-temperature volcanic thermal emission (Fig. 1A) . Thermal emission from several volcanoes was also seen in 0.4-to 1.0-mm LORRI images in Jupiter eclipse or on the night side ( Fig.  2A) . At least 36 hot spots were detected. All correspond to previously known active volcanic centers 9) except for a bright new hot spot that we call "East Girru" at 22°N, 235°W, 130 km east of the known volcano Girru. This hot spot location corresponds to an inconspicuous dark linear feature, possibly an old fissure eruption, in Galileo images. No associated albedo change is visible in sunlit LORRI images; perhaps East Girru is a very young eruption that has not had time to produce observable albedo changes. No plume was seen in reflected light at East Girru, but a detached glow 330 km directly above the hot spot was seen in eclipse images ( Fig. 2A) , suggesting some associated gas output.
LORRI eclipse images show numerous faint point sources of emission ( Fig. 2A) , particularly near the sub-jovian and anti-jovian points (on the equator at longitudes 0°and 180°W), with a typical brightness of 100 kRayleigh assuming a 15-km-by-15-km source region. These were also seen in Galileo eclipse images (6) . These spots all correspond to low-albedo volcanic centers (Fig. 2D) , but because simultaneous LEISA images show no corresponding cluster of bright spots in the near-infrared (Fig. 2, E and F) , where volcanic thermal emission dominates, it is likely that a nonthermal mechanism, probably plasma-related, creates the sub-jovian and anti-jovian clusters of point-source emission. Most of these spots are less than about 30 km in size, suggesting a near-surface origin.
A fortuitous major eruption of the Tvashtar volcano during the NH flyby provides a comprehensive view of a large, sulfur-rich Pele-class ( (Fig. 3A) and again in absorption in Jupiter transit images on 21 February (Fig. 3B) . Absorption in the 260-nm wavelength region suggests, by analogy with previous HST observations of the Pele plume, that the Tvashtar plume is rich in S 2 gas (16), as also inferred from the orange color of its plume deposits seen previously by Galileo (12, 17) .
NH imaged the Tvashtar plume on 39 occasions over 7.8 days, at phase angles between 7°and 159°a nd LORRI resolutions between 12 and 38 km per pixel. The plume height was remarkably constant, varying between roughly 320 and 360 km, and full width was about 1100 km, consistent with the diameter of the pyroclastic deposits (Fig. 1) . The plume had a bright top in all images (Fig. 3, C, D , and F to J), very similar to Voyager images of the Pele plume: This morphology is not consistent with simple ballistic models of plume particle flight, as noted for Pele (18) , but is consistent with hydrodynamic models with entrained particles that include a gas shock front at the top of the plume (19) . Most Tvashtar plume images show little evidence for a central upgoing column of particles (e.g., Fig. 3C ), suggesting that the observed particles may condense out of the plume rather than being directly ejected from the vent.
The plume contains remarkable time-variable filamentary structures similar to those glimpsed in the single high-resolution Voyager 1 image of the Pele plume. This structure allows tracing of motion within the plume in a sequence of five images of the upper part of the plume obtained at 2-min intervals on 1 March (Fig. 3, F to J, and movie S1). Speeds projected on the plane of the sky are 0.4 to 0.7 km s −1 (Fig. 3E) , comparable to expected ballistic ejection speeds for a 350-km-high plume (~1.0 km s −1 ), and accelerate as plume features fall toward the surface. Features appear to slide down the upper surface of the plume rather than tracing ballistic trajectories originating at the vent.
The source of the Tvashtar plume is associated with by far the brightest hot spot seen by NH (Fig. 4) . Thermal emission was observed on multiple occasions by LORRI, LEISA, and by MVIC at wavelengths from 2.5 to below 0.7 mm. The hot spot location, 62.5°N, 122.5°W, coincides with the fire fountains seen at Tvashtar by Galileo in November 1999. The spectrum can be fit with a single temperature blackbody at 1287 K from 1.25 to 2.04 mm, providing a lower limit to the magma temperature, comparable to Galileo estimates (12) . Assuming a temperature of 1200 K for the Tvashtar hotspot, an area of 49 km 2 is derived from the brightness in LORRI images, comparable to the~25 km 2 area of the incandescent fire fountain seen by Galileo at Tvashtar in November 1999 (12) . The isothermal blackbody emission spectrum at close to magmatic temperatures is also consistent with an energetic eruption such as a fire fountain, rather than, for instance, spreading and cooling lava flows (20, 21 
